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摘  要 
肺癌是当今世界上最常见的恶性肿瘤之一，全球肺癌的发病率和死亡率均呈
上升趋势。肺癌的病因与发病机制至今不完全明确，吸烟被认为是肺癌的首要致
病因素。自 1979 年 Syrjanen[1]首次提出人乳头瘤病毒（Human Papillomavirus, 
HPV）感染可能与肺癌的发生发展有关，越来越多的学者对 HPV 在肺癌中所起
的作用进行了更加深入的研究，研究发现 HPV 对于促进肺上皮细胞的增生有重
要作用同时具有致瘤性。因此，HPV 可能是肺癌患者中较普遍存在的特异性肿
瘤抗原。 
肺癌传统治疗方式主要包括手术、放疗和化疗，尽管近年来发展迅速，但晚
期肺癌患者的预后仍然很差。因此，研究和开发既具有抗肿瘤作用，同时又能够
激发和增强患者免疫功能的治疗方法，成为目前肺癌治疗的新焦点以及未来提高
肺癌临床治愈率的希望所在。随着肿瘤分子生物学、肿瘤免疫学及生物工程技术
的发展，免疫治疗成为一种极具前景的治疗新途径。树突状细胞（Dendritic cell, 
DC)是一组起源于造血干细胞，体内分布广泛、具有迁移能力的免疫细胞，因成
熟时细胞表面有标志性树突样突起而命名[2]。DC 是目前体内功能最强大的抗原
递呈细胞(Antigen presenting cell, APC)，处于启动、调控、并维持免疫应答的中
心环节。作为一种专职的 APC，DC 能摄取、加工和处理抗原，能刺激初始 T 细
胞活化和增殖，激发 T 细胞免疫，在肿瘤细胞免疫中起着非常重要的作用[3]。研
究证实 [4]由 DC 激活的细胞免疫特别是细胞毒性 T 淋巴细胞 (Cytotoxic t 
lymphocyte, CTL)介导的特异性免疫反应，在机体抗肿瘤免疫应答中起主导作用。 
CTL 是一类可直接杀伤带有致敏抗原肽 -组织相容性复合体分子(Major 
Histocompatibility Complex, MHC）的肿瘤细胞的 T 细胞亚群，可以高效、连续、
特异性的杀伤靶细胞，而不损伤正常组织细胞，是机体重要的抗肿瘤效应细胞[5]。
体内外诱导、活化和扩增肿瘤特异性 CTL 是当前抗肿瘤免疫治疗的研究热点，
具有广阔的应用前景。 
在 HPV 感染与肿瘤免疫方面，研究者发现，HPV 感染能够促进 T 细胞与
HPV16E6 蛋白相互作用，继而引起机体产生特异性 T 细胞反应，在宫颈癌[2]、
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乳腺癌[3]、大肠癌[4]、头颈部肿瘤[5]方面显示出有效地抗肿瘤效应。由于肺癌细
胞免疫原性较弱，或者存在 “抗原覆盖”、抗原加工途径缺陷、粘附分及协同刺
激分子缺乏等因素，这使得其无法主动诱发机体产生有效的抗肿瘤免疫应答，以
至于肺癌免疫治疗效果不理想。特异性 T 淋巴细胞过继免疫治疗效应快，不依
赖患者自身的免疫功能状态，具有特异性杀伤肿瘤细胞作用，而不损伤正常细胞，
在抗肿瘤免疫治疗中有重大的临床意义。HPV16 E6 蛋白可在与 HPV 相关的肿
瘤细胞中持续表达，因此可被当做免疫治疗的靶向抗原。所以，HPV16E6 抗原
特异性 T 细胞过继免疫治疗可能会在 HPV16E6 阳性肺癌患者身上建立有效的抗
肿瘤免疫应答，取得较好的疗效。而在前期的实验研究中，我们已经成功构建了
HPV16E6 阳性肺癌细胞模型[6]。本课题分为以下三个部分进行研究: 
第一部分 HPV16E6 抗原特异性树突状细胞的培养和鉴定 
目的:从人外周血分离、诱导、培养 HPV16E6 抗原特异性的成熟 DC 并鉴定
其形态学、免疫生物学特征。 
方法:用梯度离心法从健康人外周血分离单个核细胞，联合应用粒细胞-巨噬
细胞集落刺激因子（GM-CSF）、白细胞介素-4(IL-4)、肿瘤坏死因子（TNF-a）
以及 HPV16E6 抗原诱导成熟 DC，观察 DC 形态，细胞流式仪分析 DC 表型。 
结果:经诱导生成的细胞具有成熟 DC 的典型树突样突起形态，并且高表达
CD80、CD83、CD86、 HLA-DR、CD1a 等表面分子。 
结论:人外周血中分离出的单核细胞，可以诱导出 HPV16E6 抗原特异性的
成熟 DC。 
第二部分 HPV16E6 抗原特异性 CTL 体外抗 HPV16E6 肺癌的实验研究 
目的：研究 HPV16E6 抗原特异性 DC 诱导的 CTL 体外对 HPV16 E6 肺癌细
胞的杀伤效应。 
方法：利用 HPV16 E6 抗原特异性 DC，与 T 细胞共培养，进一步刺激 T 细
胞诱导出 HPV16E6 抗原特异性 CTL；未经致敏的 DC 诱导出的 CTL 为非特异性
CTL。将 HPV16E6 抗原特异性 CTL 和非特异性 CTL 与肺癌细胞(表达 HPV16 E6 
的 H1299+肺癌细胞；不表达 HPV16E6 的 H1299-肺癌细胞)共培养，Cell Counting 
Kit-8(CCK8)试剂盒检测其对肺癌细胞的体外杀伤效应。 
结果：体外试验中，在 10:1、20:1、40:1、80:1 的效靶比下 HPV16E6 抗原
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特异性CTL对H1299+肺癌细胞(sCTL H1299+组)的杀伤率分别为(26.48±3.04)%、
(36.95±8.46)%、(49.69±11.57)% 、(64.76±6.99)%；HPV16E6 抗原特异性 CTL 对
HPV16E6 阴性的的 H1299- 肺癌细胞 (sCTL H1299- 组 ) 的杀伤率分别为
(15.07±7.20)% 、(18.14±5.29)%、(30.56±6.75)% 和(37.37±9.44)%；非特异性 CTL 
对表达 HPV16E6 的 H1299+肺癌细胞（nCTL H1299+组）的杀伤率分别为
(19.29±4.11)%、  (21.94±4.73)%、  (25.65±7.52)% 和 (39.31±3.68)%。与 sCTL 
H1299-组和 sCTL H1299+组相比，sCTL H1299+组有明显的杀伤作用，差异有显
著性，P<0.05。 
结论：体外试验中，HPV16E6 抗原特异性 CTL 对 HPV16E6 阳性肺癌细胞
有特异性杀伤作用。 
第三部分 HPV16E6 抗原特异性 CTL 体内抗 HPV16E6 肺癌的实验研究 
目的：研究 HPV16 E6 抗原特异性 CTL 体内对肺癌的杀伤效应。 
方法：建立 H1299+肺癌荷瘤裸鼠模型，观察并记录肿瘤生长情况。将荷瘤
裸鼠随机分为 sCTL 组（每只裸鼠尾静脉注射 sCTL 5×106 个/0.2 ml)、nCTL 组
（每只裸鼠尾静脉注射 nCTL 5×106 个/0.2 ml) 和对照组（每只裸鼠尾静脉注射生
理盐水 0.2 ml），观察裸鼠体内肿瘤大小并分别记录，每 4 天测量体重，并用游
标卡尺测量记录肿瘤最长径（a）、最短径（b），根据公式（V）=(a×b2)/2 计算肿
瘤体积；实验结束取肿块做 HE 染色，并在镜下观察对照组和 CTL 治疗组肿瘤
细胞形态的变化，了解各组治疗方式对肿瘤细胞生长情况的影响。 
结果：在动物实验中，成功建立 H1299+肺癌荷瘤裸鼠模型。按实验方案分
别对各组治疗后，肿瘤体积 sCTL 组（0.26±0.11cm3）和 nCTL 组（0.32±0.107 
cm3）与对照组（0.44±0.19 cm3）出现明显的差别。sCTL 组和 nCTL 组均出现抑
瘤效应，肿瘤组织生长受到抑制，sCTL 组更显著。对照组肿瘤细胞仍然呈现进
行性生长，差异具有显著性(P<0.05)。 肿块标本进行 HE 染色，镜下示 sCTL
组及 nCTL 组瘤组织可见有大量淋巴细胞浸润。 
结论：体内试验中，HPV16E6 特异性 CTL 对 HPV16E6 肺癌有特异性杀伤
作用。 
关键词：HPV16E6  肺癌  树突状细胞  特异性 CTL 
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Abstract 
Lung cancer is one of the most common malignant tumor in the world today, the 
global morbidity and mortality of lung cancer are on the rise. The etiology and 
pathogenesis of lung cancer is not yet clear, smoking is considered to be the leading 
cause of lung cancer. Since Syrjanen first proposed human papillomavirus infection 
may be related to lung cancer in1979, more and more scholars have studied the 
relation between HPV infection and lung cancer in-depth research, and the study 
showed that HPV16E6/E7 protein has an important role in promoting lung epithelial 
cells proliferation and tumorigenicity. Therefore, HPV16E6/E7 protein may be a 
common lung cancer-specific tumor antigen.  
The traditional treatments of Lung cancer including surgery, radiotherapy and 
chemotherapy, Although which has developed rapidly in recent years, the prognosis of 
patients with advanced lung cancer is still very poor. Therefore, research and 
development of the treatment which has antitumor effect and also can improve the 
immune function in patients is the hope to improve clinical cure rate of lung cancer in 
the future. 
With the development of cell biology, molecular biology, immunology and 
biological engineering technology, immunotherapy become one of the most promising 
new approach. DC is a group of bone marrow-derived, widely distributed, with the 
migration ability of immune cells, is the most powerful antigen presented cells in the 
current. DC as a professional antigen-presenting cells, capable of taking and 
processing antigen, stimulating T cell immunity, plays an important role in tumor cell 
immunity. A growing body of evidence suggests that the DC-activated cell immunity 
especially CTL-mediated immune response plays a very important role against 
malignant tumor and infectious diseases in the body. CTL is a class of T cell subsets 
which can killer target cells which express specific antigen. Induction, activation and 
amplification of tumor-reactive CTL in vivo and in vitro is an important subject in 
current study of tumor immunotherapy research, which has enormous potential 
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significance. In terms of HPV infection and tumor immunity, researchers found that 
HPV infection can contribute to CD4+T and CD8+T cells interactions with 
HPV16E6/E7 proteins, then cause the body to produce specific T cell response in 
cervical cancer, breast cancer, colorectal, head and neck tumors which has showed 
effective anti-tumor effect. Because immunogenicity of lung cancer cells is relatively 
poor, which makes it unable to take the initiative to stimulate the body to produce 
effective immune response, so that the immune treatment effect is not ideal. Adoptive 
immunotherapy of specific T lymphocyte effect fast, do not depend on the immune 
status of the host immune status, itself is a very promising treatment. HPV16E6 / E7 
protein may be a common lung cancer-specific tumor antigen, so it could be also used 
as targeting antigens in immunotherapy. Therefore, adoptive immunotherapy of  
HPV16E6 antigen-specific T lymphocytes, may establish effective immune response 
and achieve encouraging efficacy in HPV16E6 positive lung cancer patients. What is 
more, in the pre-experimental study, we have successfully built HPV16E6 lung cancer 
cell model. This paper is divided into three parts to study: 
Part I  The induction, proliferation and identification of DC from human 
peripheral blood mononuclear cells  
Objective To induce and proliferate dendritic cell (DC) from human peripheral 
blood mononuclear cell (PBMC) in vitro and assay their morphological and 
immunological features. 
Methods PBMC were obtained by Ficoll-Hypaque gradient centrifugation and 
then added cytokines including IL-4、GM-CSF 、TNF-a and HPV16E6 antigen to induce the 
generation of dendritic cells loaded with HPV16E6 antigen in vitro. The stable mature 
DC loaded with HPV16E6 antigen were harvested by the process of 
，induction amplification and purification. The typical  DC loaded with HPV16 E6 
antigen ，were identified by analyzing the morphology phenotype and function.  
Results The morphology of DC loaded with HPV16E6 antigen.was 
，irregular and plenty of radial dendrites from cell bodies were observed under the 
invert microscope and ，fluorescent microscopy. The expression levels of CD83 CD86 
and MHCI were increasing as the maturating of DC according to the flowcytometer 
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testing results. Meanwhile, the induced DC can effectively stimulate proliferation of 
allogeneic T lymphocyte. 
Conclusion The stable mature DC loaded with HPV16E6 antigen can be 
generated through PBMC from human peripheral blood cultured in the medium 
containing cytokines. 
Part II The study of specific CTL against HPV16E6 lung cancer in vitro. 
Objective To investigate the immune responses of CTL against lung carcinoma 
cells after activated by DC loaded with HPV16 E6 antigen in vitro. 
Methods The mature DC loaded with HPV16 E6 antigen were cocultured with 
autologous T cells to obtain antigen specific CTL.Thus specific CTL was induced 
successfully in vitro. Then non-specific CTL(nCTL) and specific CTL(sCTL) were 
cocultured with lung carcinoma cells (H1299+ lung carcinoma cells was expressing 
HPV16 E6 gene and H1299- lung carcinoma cells was infected with empty plasmid). 
The killing effect of CTL against lung carcinoma cells was determined using cell 
counting kit8 (CCK8) assay. 
Results When E:T=10:1,20:1,40:1,80:1,the killing rate of H1299+ lung cells was 
respectively (26.48±3.04)%, (36.95±8.46)%, (49.69±11.57)%, (64.76±6.99)% in 
sCTLH1299+ group; the killing rate of H1299- lung cells was respectively 
(15.07±7.20)%, (18.14±5.29)%, (30.56±6.75)%, (37.37±9.44)% in sCTLH1299- 
group; the killing rate of H1299+ lung carcinoma cells was respectively 
(19.29±4.11)%, (21.94±4.73)%, (25.65±7.52)%, (39.31±3.68)% in nCTLH1299+ 
group. CTL exerted a killing effect on lung carcinoma cells. This killing effect was 
higher in sCTLH1299+ group than those in sCTLH1299- group and nCTLH1299+ 
group (P<0.05). 
Conclusion CTL activated by DC loaded with HPV16 E6 antigen exerts a 
specific killing activity on H1299+ lung carcinoma cells which express HPV16E6 
gene in vitro. 
Part III  The study of specific CTL against HPV16E6 lung cancer in vivo. 
Objective To investigate the immune responses of CTL against lung carcinoma 
cells after activated by DC loaded with HPV16E6 antigen in vivo. 
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Methods In vivo experiment, nude mouse models were established: transplant 
H1299+ lung carcinoma cells which express HPV16E6. Record the status of 
tumor-bearing nude mice and the growth of the tumor. Divide tumor-bearing mice 
into 4 groups in accordance with the random principle. Treatment of each group are as 
follow: (1) The sCTL group (each mouse is injected antigen sCTL 5×106/0.2 mL) (2) 
nCTL group (each mouse is injected nCTL 5×106/0.2 mL) (3) Control group (each 
mouse is injected only physiological saline 0.2 mL). We measured tumor long 
diameter (a), short diameter (b) every 4 days. We calculated tumor's size and tumor's 
suppressionl ratio by the formula the volume (V) = (a×b2)/2 analyzed the tumor's 
growth inhibition.At the end of the experiment, the tumors were resected and made 
into pathological section. The tumor tissue was fixed in formalin solution, dehydrated, 
and imbedded in paraffin, then dyeing HE conventionally. We observed tumor cells' 
form by the microscope. 
Results In zoopery part, rat models of H1299+ lung carcinoma cells were 
established. Every treated group could inhibit the growing of the implanted H1299+ 
lung carcinoma. sCTL group was the most significant inhibition of the three group, 
which the average gross tumor volume post-treated 24 days was (0.26±0.11cm3). 
sCTL group was higher than nCTL group(0.32±0.107 cm3)and control group 
(0.44±0.19 cm3), the result was different significantly(P<0.05). The tumor tissue in 
treated group had a large number of lymphocyte infiltration by HE assay. 
Conclusion The sCTL cell inhibited the carcinoma proliferation of the mice 
bearing H1299+ lung carcinoma cells cells in vivo.  
Keywords: HPV16E6 ; lung cancer ; Dendritic cell; specific CTL 
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第一章  绪 论 
肺癌是我国最常见的恶性肿瘤之一，发病率和死亡率呈逐年上升。肺癌的病
因和发病机理迄今不完全明确，肺癌的发病因素包括吸烟、大气污染、肺部慢性
疾病、职业致癌因素、室内污染、二手烟等[7, 8]。其中吸烟被认为是引起肺癌的
最重要的危险因素。尽管吸烟是肺癌致病的首要危险因素，但近年来非吸烟者尤
其是女性肺癌发病比例不断增长。除室内燃煤污染外，HPV 感染因素也可能是
女性的肺癌发病的重要因素[9]。 
HPV 是一种嗜上皮性、球形 DNA 病毒，能引起人类表皮和粘膜的鳞状上皮
增殖。HPV 病毒中 E6、E7 蛋白分别是由 E6、E7 基因编码的癌蛋白，主要存在
于宿主细胞的细胞核中[10]。1979 年和 1980 年，Syrjanen[1, 11]首次提出 HPV 可引
起肺鳞癌发生的假说。1987 年，Syrjanen[12]报道首次在支气管鳞癌中检出 HPV 
DNA。随后，越来越多的研究[13]表明 HPV16E6 蛋白能够促进肺上皮的增殖，同
时，更肯定了肺癌的发生与 HPV 感染有关。进一步研究发现，HPV 介导肺癌发
生的机制可能主要包括以下几个方面：HPV 基因与宿主染色体整合使 RB 基因功
能失活而致癌；HPV16E6 原癌蛋白与 Rb 抑癌蛋白结合 HPV16E6 蛋白抑制了 p53
基因的活性[14]。我们前期研究[15, 16]也发现，HPV16E6/E7 蛋白在肺癌中的阳性表
达率为 57.94%，主要分布在肺癌细胞的胞浆和核膜。同时，具有 HPVE6 蛋白抗
原表达的肺癌组织周围 T 细胞明显增多，原因可能是机体对 HPV 抗原的免疫应
答诱发特异性 T 细胞的活化与增殖。因此，HPV16E6 蛋白可能是肺癌患者中较
普遍存在的特异性癌蛋白。 
肺癌治疗主要包括手术、化疗、放疗，虽然目前治疗手段取得较大改进，但
是 5 年生存率仍较低。多模式的治疗方法在一定程度上延长了患者的生存期，但
肺癌仍是恶性肿瘤相关死亡的主要原因。近年来,随着分子生物学、肿瘤免疫学
及生物工程的发展，过继性细胞免疫治疗给肺癌患者的治疗提供了更加广阔的临
床应用前景。过继性细胞免疫治疗[17, 18]是指避开体内免疫抑制微环境，体外诱导
生成具有抗肿瘤活性的免疫效应细胞，回输患者体内直接杀伤肿瘤细胞，重构患
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者的保护性细胞免疫功能，抑制肿瘤的生长，提高病人的生活质量。过继性免疫
疗法优点包括以下几个方面[19]：选择性的只对肿瘤细胞产生细胞毒性，对无关细
胞影响较小或损伤轻微，无明显毒副作用；不依赖负瘤者的免疫功能；无免疫抑
制作用；可以单一应用也可以作为其他治疗的辅助疗法，提高患者生活质量。过
继性免疫治疗的关键是筛选具有肿瘤特异性杀伤作用的效应细胞，其次是如何获
取足够数量、高效杀伤活性且具有特异性的免疫活性细胞。因此，研究免疫效应
细胞的生物学特性、生理意义，以及体外激活、增殖、传输到体内的动向和作用
机制仍是肿瘤过继免疫治疗中最活跃的研究热点。目前应用于肿瘤过继性治疗的
免疫细胞主要包括以下几种：淋巴因子激活的杀伤细胞(Lymphokine activated 
killer cells, LAK)、肿瘤浸润淋巴细胞(Tumor infiltrating lymphocyte,TIL)、细胞因
子诱导的杀伤细胞 ( cytokine- induced killer cell ,CIK) 以及由抗原提呈细胞介导
生成的 CTL。 1982 年 Grimm 等[20]首先报道 LAK 细胞，在体外，淋巴细胞经过
IL-2 刺激培养 4-6 天，能诱导出一种可以杀伤多种肿瘤细胞的 LAK 细胞，这类
细胞对肾癌、恶性黑色素瘤及非霍奇金淋巴瘤效果较好，而对其它实体瘤如肝癌、
肺癌、肠癌等疗效较差。LAK 过继免疫疗法作为治疗肿瘤的一种独立方法其作
用是有限的，特别是对于原发性肿瘤或已建立转移灶及肿瘤负荷较大时难以取得
显著疗效。TIL 是存在于肿瘤间质内的以淋巴细胞为主的异质性淋巴群体，多取
自实体瘤活检组织或切除标本，亦可取自恶性胸、腹腔渗出液。首先将淋巴细胞
与肿瘤细胞分开，制备单个核细胞悬液，经 IL-2 诱导培养获得 TIL。Rosenberg
等[21]首次应用黑色素瘤 TIL 治疗黑色素瘤, 研究表明，黑色素瘤 TIL 具有较高的
自身黑色素瘤特异性杀伤作用。但是 TIL 分离操作复杂、容易造成污染，而且多
种肿瘤组织的 TIL 含量很少，成活率低，难以成为常规的治疗方法。1991 年
Schmidt Wolf 等[22]首先报道了 CIK 细胞，CIK 细胞是由抗 CD3 单克隆抗体激活
的一组异质杀伤细胞，分泌淋巴因子能力强，杀伤活性高，但其扩增能力有限、
有明显的毒副作用，这些不足限制了其在临床的应用。肿瘤抗原特异性 CTL 是
机体抗肿瘤免疫应答的核心效应细胞，也是肿瘤过继免疫治疗中较为理想的细胞
群体[23, 24]。与前面三种细胞相比，具有肿瘤抗原特异性的 CTL 杀伤能力强，只
杀伤肿瘤细胞，而不损伤正常细胞，能够快速增殖，毒副作用小，非常适合临床
使用。目前诱生 CTL 的方法主要是由肿瘤抗原特异性的成熟 DC，协同 IL-2 等
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